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Table 1 Physical and model parameters for phase-field simulation

Parameter Value
Liquidus slope of Y, m /K-wt% ' -5.4299
Liquidus slope of Zn, n,/K-wt% ' -3.6324
Liquidus slope of Al, m/K-wt% ' -5.2031
Partition coefficient of Y, k; 0.6024
Partition coefficient of Zn, k, 0.0562
Partition coefficient of Al, &, 0.2900
Solute diffusion coefficient of Y in liquid, D, ;/m*s™" 2.4726x107°
Solute diffusion coefficient of Zn in liquid, D, ,/m*s™ 4.6763x10”°
Solute diffusion coefficient of Al in liquid, D, y/m*s™" 4.3910x10°
Solute diffusion coefficient of Y in solid, D, ,/m*'s™' 2633910
Solute diffusion coefficient of Zn in solid, stz/m 5! 5.1899x10 ™"
Solute diffusion coefficient of Al in solid, D y/m*s™" 6.8042x10°"
Latent heat of fusion, L /J-kg" 3.66x10°
Specific heat, ¢/J kg "K' 1360
Thermal diffusion coefficient, D /m?-s™ 4.7954x10°°
Equilibrium temperature, 7,/K 864
Melting temperature, 7, /K 924
Condensate depression, AT, /K 60
Capillarity length, d,/m 5.55%x107°
Diftusion interface thickness, W/m 4.99x10°®
Space step size, Ax/m 3.99x10°"
Dimensionless solute concentration, U, (#,0) = U,(r,0) = U;(r,0) -0.55
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Fig.1 Growth process of a-Mg dendrite in Mg-3wt%Y-1wt%Zn alloy (blue
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Fig.2 Y solute field distributions during multiple «-Mg dendrite growth in Mg-Y-Zn-Al alloys with similar solid fractions: (a) £=0.5340,
(b) £=0.5380, (c) £:=0.5341, (d) £=0.5367, (e) ;=0.5308, (f) £=0.5379, and (g) /=0.5349
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Fig.3 Al solute field distributions during multiple «-Mg dendrite growth in Mg-Y-Zn-Al alloys with similar solid fractions: (a) f=0.5380,
(b) £=0.5341, (c) £=0.5367, (d) /=0.5308, (e) /=0.5379, and (f) £=0.5349
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Fig.4 Zn solute field distributions during multiple a-Mg dendrite growth in Mg-Y-Zn-Al alloys with similar solid fractions: (a) £=0.5340,
(b) £=0.5380, (c) £=0.5341, (d) £=0.5367, (e) ;=0.5308, (f) £=0.5379, and (g) £=0.5349
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Fig.5 Temperature field distributions during single o -Mg dendrite growth in Mg-Y-Zn-Al alloy with similar solid fractions: (a) f=0.2255,
(b) £=0.2270, (c) £=0.2235, (d) £=0.2295, (e) f=0.2257, (f) £=0.2234, and (g) /=0.2285
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Fig.6 Evolutions of solid fraction during a-Mg dendrite growth in Mg-Y-Zn-Al alloys with different Al contents: (a) single dendrite and

(b) multiple dendrites
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Phase-Field Study of Al Addition Effects on Dendritic Growth and Solute Segregation
During Non-Isothermal Solidification of Mg-3wt% Y-1wt%Zn Alloy

Chen Yuanchao', Chen Weipeng', Pei Jiaqi', Feng Surui', Sun Kaixin', Zhao Yuhong'**
(1. MOE Jointly Collaborative Innovation Center for High-Performance Al/Mg Based Materials, Shanxi Key Laboratory of Intelligent Casting and
Advanced Forming for New Materials, School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)
(2. Beijing Advanced Innovation Center for Materials Genome Engineering, University of Science and Technology Beijing,
Beijing 100083, China)
(3. Institute of Materials Intelligent Technology, Liaoning Academy of Materials, Shenyang 110004, China)

Abstract: A multi-component quantitative phase-field model was developed to investigate the influence of the Al addition on the solidification
behavior of Mg-3wt% Y-1wt%Zn alloy. The study focused on the growth kinetics, solute segregation, and controlling mechanism of secondary
dendrite arm spacing (SDAS) of a-Mg dendrites. The results show that Al addition significantly suppresses the growth rate of a-Mg dendrites and
reduces the growth rate of solid fraction. Moreover, Al effectively mitigates Zn microsegregation, substantially decreasing the segregation ratio,
while having only a minor effect on Y segregation. Furthermore, Al promotes SDAS refinement by lowering the liquidus temperature, inhibiting
solute diffusion, and reducing solid/liquid interfacial energy. Constitutional undercooling analysis indicates that higher Al content enhances solute
accumulation, leading to increased undercooling, thereby altering dendritic nucleation and growth. This study provides valuable insights for
optimizing the solidification microstructure and enhancing the mechanical properties and corrosion resistance of Mg-Y-Zn-Al alloys.

Key words: Mg-Y-Zn-Al alloy; phase-field simulation; dendritic growth; solute segregation
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